Abstract. The main aim of this research is to evaluate the performance of Nano silica self-compacting concrete which is subjected to severe saline conditions that contain sulfates and chlorides at concentrations similar to those existing in the soils and ground water of the middle and southern parts of Iraq. For this purpose, ordinary and sulfate resistant Portland cement without and with 3% Nano silica addition by weight of cementitious materials were used. Splitting tensile strength, flexural strength, static modulus of elasticity and ultrasonic pulse velocity were investigated for all exposure conditions and all types of mixes of selfcompacting concrete at ages of 28, 60, 90, 120 and 180 days. Test results revealed that the inclusion of Nano Silica in concrete mixes improved clearly the mechanical properties of self-compacting concrete compared with reference concrete.
Introduction
Self-compacting concrete (SCC) has been defined as the concrete that does not require vibration for placing and compaction. It is capable to flow under its own weight, completely filling formwork and achieving full compaction even in the presence of congested reinforcement. The hardened concrete is dense, homogeneous and has the same engineering properties and durability as traditional vibrated concrete (European Project Group, 2005). SCC has been developed in Japan to get durable concrete structures due to increase of the homogeneity, which is attributed to improve the characteristics of SCC in fresh state; filling ability, passing ability and segregation resistance, in addition to enhancing the hardened properties of SCC. On the other hand, the durability of concrete structures is closely associated with the permeability of the surface layer. Therefore, the absence of compaction of the surface layer due to the difficulties of vibration in narrow spaces between the formwork and the re-bars, which can be characterized as a key factor of poor durability performance of reinforced concrete structures subjected to aggressive environments. Overcoming this was one of the main reasons for the original development of SCC in Japan (Singh and Thombre, 2013).
Research significance
Sulfate ions have been found in the groundwater and soil in the middle and southern parts of Iraq. In the regions of these parts, the concrete structures can be exposed to sulfate attack and likely suffer from two types of deterioration; loss of strength of the matrix resulting from degradation of calcium silicate hydrate (C-S-H), and volumetric change leading to expansion due to formation of gypsum or ettringite that leads to cracking. Protection against sulfate attack requires reducing the permeability of concrete; hence, the low permeability can prolong the service life of the structures that are subjected to severe exposure condition (AL-Rawi, 1985) .
The key for enhancing the durability of SCC subjected to sever solution environments is a good compaction of microstructure with reducing the porosity of the mortar matrix and interfacial transition zone (ITZ) (Safiuddin et al., 2008) . Thus, the addition of Nano Silica to concrete leads to improve the hardened properties of concrete because of its high pozzolanic activity and additional (C-S-H) are produced for generation more strength and reducing the free calcium hydroxide. In addition, the microstructure of concrete is improved and the permeability is reduced with utilizing Nano Silica (Nano filler and anti-leaching effects), the cohesiveness between the particles of concrete will be improved and segregation and bleeding will be decreased, thus, making concrete durable Tables (1) and (2).
Fine Aggregate (Sand)
The fine aggregate from Al-Eakhadir region was used throughout this work. The test results indicate that the adopted fine aggregate conforms to the Iraqi specifications (IQS No.45/ 1984) for grading. It's some physical and chemical properties are shown in Table ( 3).
Coarse Aggregate (Gravel)
Rounded gravel of 14 mm maximum size from Al-Nebai quarry was used as a coarse aggregate in all mixes. Some physical properties and sulfate content of coarse aggregate are shown in Table (4).
Water
Potable water from the water-supply network system was used for both mixing and curing process of concrete.
Superplasticizer
To achieve high workability needed to produce SCC, super plasticizer known as Glenium 54 was used. Glenium 54 is free from chlorides and complies with (ASTM C494/ C494M, 2001) Type F. Table (5) shows the typical properties of Glenium 54.
Micro Silica
Micro silica, also known as Silica fume or condensed silica fume, is a byproduct of producing silicon metal or ferrosilicon alloys. It consists of silicon dioxide ( usually more than 85% in non-crystalline (amorphous) form. Densified micro silica fume under commercial name (Sika® Fume S 92 D) had been used as replacement of cement with 5% by weight. Physical properties of silica fume are shown in Table (6) .
Nano Silica
Nano Silica is not an industrial byproduct. It is manufactured under special conditions so as to have a high degree of purity and the well-defined range of diameter for the particles usually between (10-50) nm. Nano Silica used in this work was produced in China by precipitation method in powder form making Nano Silica to have a high degree of purity about 99.96% and diameter for the particles (35nm). Table (7) presents its properties. X-ray diffraction (XRD) of Nano Silica was investigated as illustrated in Figure (1) . As it can be seen, the XRD patterns show an approximately broad peak centered about 2ϴ = 20 o which demonstrates the amorphous structure of utilized Nano Silica. The utilized Nano Silica particles are expected to have high pozzolanic reactivity due to their amorphous structure. Specific gravity 2.65 -----
Passing sieve size 75 m, % 0.8 ≤ 3% 
Concrete mixes
Four mixes were made, all based on the same control mixture. These mixes were divided into two series each one with different type of cement (I or V). The concrete mixes were designed according to (European Project Group, 2005). The mix proportions were shown in Table  (8) .
Mixing placing and curing procedures
Mixing process was conducted in pan mixer with a capacity of 0.05 . The 3/4 dosage of superplasticizer was added to mixing water and mixed about 30 second in a small pan mixing separately from other material then the Nano Silica was stirred with this solution and mixed about 3 minutes in order to disperse uniformly and avoid agglomerations of Nano Silica since it has a high surface energy before 2 minutes from the end of previous mixing, the cement and silica fume had been added in pan mixer and mixed for 1minute in dry state. The fine aggregate was added to the drying materials and mixed for 1minute. The prepared solution of (superplasticizer, water and Nano Silica) was added and mixed for 3 minutes. Thereafter, gravel was added and mixed for 1 minute, All specimens were demolded after 24 hours and placed in tap water for 28 days as initial curing. After 28 days of curing in tap water, all the concrete specimens were divided into three groups. The first group was partially submerged in ( + solution, the second group was partially submerged in ( ) solution, while the third group was submerged in tap water for comparison. These aggressive solutions at concentration identical to those existing in soil and ground water of the middle and southern parts of Iraq.
Physical properties SF

Limit of specification requirements ASTM C-1240
Preparation of aggressive solutions
The salts of sulfates and chlorides used in preparing the solutions and providing the suitable concentrations of the ions were pure , , and NaCl. Tables (9) and (11) show the types and concentrations of salts that used. Tables (10) and (12) illustrate the actual inions and cations provided by such salts. 
Tests of hardened concrete properties
The hardened properties of concrete which were studied: splitting tensile strength, flexural strength, modulus of elasticity and ultrasonic pulse velocity test (U.P.V.). After the concrete had been cast and cured, splitting tensile strength of (104) cylinders with dimensions (100×200)mm, flexural strength of (104) prisms with dimensions (100x100x400) mm, static modulus of elasticity of (104) cylinders with dimensions (150x300)mm and U.P.V. of (156) cubes with an edge length (100)mm were examined. The average of two specimens was taken for each test except U.P.V., the average of three cubes was taken.
Results and discussion
Splitting Tensile strength
The results of splitting tensile strength of SCC specimens cured in tap water and other Aggressive solution exposer are shown in Table ( development in splitting tensile strength with age progress. While SCC specimens containing Nano Silica (ON3 and SN3) exposed to ( solution revealed the increment in splitting tensile strength up to 180 days of exposure, due to the presence of Nano Silica, which has increased the strength of concrete. while the reference SCC specimens (without Nano Silica) reveal the increment in splitting tensile strength up to 90 days and 120 days of exposure for (OR and SR) concretes respectively; after that a decrease in strength occurred up to 180 days. This reduction is due to the attack of sulfate ions, which leads to form the gypsum and ettringite that leading to expansion, spalling, cracking and loss of strength of concrete; thereby the deterioration in concrete occurs.
As illustrated in Table ( 13) and Figure (2-c) , SCC specimens with Nano Silica (SN3) exposed to ( solution offered the increment in splitting tensile strength up to 180 days of exposure, due to the presence of Nano Silica. While (ON3) specimens exposed to ( solution show that the increases in splitting tensile strength is stopped in 120 days of exposure; then a stability in strength is observed at 180 days, because of the presence of pure sulfate ions and the use of OPC in Nano Silica concrete. In contrast for (OR and SR) concretes, the increment in splitting tensile strength is observed up to 90 days and 120 days of exposure respectively; then a decrease in strength is occurs up to 180 days. This reduction is caused by the existence of pure sulfate ions, which will consume more amount of portlandite (CH) from hydration of cement and C3A compared with combined sulfate ions; thereby, the gypsum and ettringite are formed. Also, the presence of Mg +2 cations associated with sulfate salts, that convert a further portlandite in the case of pure sulfate attack (when compared with available portlandite in combined sulfate with chloride solution) to gypsum by the simultaneous formation of Brucite (magnesium hydroxide), which is insoluble and reduces the pH of the system. In the absence of the portlandite, (C-S-H) gel is no longer stable and is also attacked by magnesium sulfate, (C-S-H) gel will be converted to a cohesion less, porous, reticulated magnesium silicate hydrate (M-S-H) gel, resulting in loss of cohesiveness and reduction in strength, as reported (Asrar et al., 1997), (Prasad et al., 2006) .
The reason of Nano silica reduces the loss in splitting tensile strength of SCC specimens exposed to aggressive solution solutions and improves the splitting tensile strength of SCC specimens cured in tap water is attributed to Nano Silica enhances the tensile strength of hardened cement mortar by two mechanisms. The first of which is the packing effect of Nano particles as filler material into interstitial spaces inside the skeleton of hardened microstructure of cement mortar and thus increasing its density as well as the strength. The second is the pozzolanic effect, Nano Silica reacts with Ca(OH)2 and produces C-S-H. Therefore, it reduces the formation of gypsum and ettringite which leads to reduce the internal tensile stress forming from expansion of ettringite so increasing tensile strength. The same conclusion is reported as (Sobolev et al., 2006) , (Qing et  al, 2007) .
From the results, it is also clear that SRPC mixes have higher splitting tensile strength than OPC mixes at all ages and for all exposure conditions and therefore, enhancing sulfate resistance is achieved. This behavior is due to a low content of C3A compound and high ratio of C3S/ C2S in SRPC than OPC. Also, it is clear that combined sulfate attack reduces the deterioration in splitting tensile strength than pure sulfate. These trends were also reported by (Al-Amoudi et al., 1995) .
Flexural Strength
The results of flexural strength of SCC specimens are illustrated in Table ( 14) and Figures (3-a, b, c) . The data in Table ( 14) and Figure (3-a) indicate that all specimens cured in tap water demonstrate a continuous increasing in flexural strength with age. While the specimens exposed to ( solution which contained Nano Silica (ON3 and SN3) exhibit an improvement in flexural strength up to 180 days of exposure, relative to corresponding reference specimens without Nano Silica (OR and SR) which show a continuous increase in flexural strength up to 90 and 120-days of exposure respectively. Those results are also summarized in Figure  (3-b) .
On the other hand, all SCC specimens which were subjected to ( solution have the same behavior that in ( solution, except for (OR) specimens which exhibit a noticeable strength increase at 60 days of exposure, beyond this period a reduction in flexural strength is observed. This increase in flexural strength at 60 days may be attributed to the filling up of pores by reactions between products and crystallization of salts. This phenomenon has also been stated by (Ganjian and Pouya, 2005) .
The enhancement in flexural strength for Nano Silica concretes can be mainly due to addition of Nano Silica particles producing a homogeneous microstructure, characterized by compact and small sized CSH gel. So, a denser ITZ was produced that means the bonding strength at the interface zone is increased and the formation of micro cracking is decreased. Hence, the micro cracking initiation occurs at a higher stress level. The addition of Nano Silica caused a refinement of the microstructures (less interconnected pore structure) and induced precipitation of small sizes C-S-H gel having high stiffness. The improvement of the microstructure was reflected by the mechanical properties due to the fact that the pozzolanic gel structure presents better mechanical properties than the C-S-H gel precipitated in standard OPC concrete (Sobolev et al., 2006) and (Khanzadi et  al.,2010) . As a results of Sulfate attack, the results also show a decrease in flexural strength for SCC mixes immersed in saline solutions. It is clear that the deterioration in flexural strength for SCC specimens exposed to pure sulfate solution is more than that exposed to combined sulfate solution. Also, the SRPC mixes showed higher flexural strength than OPC mixes. 
Static Modulus of Elasticity
The results of modulus of elasticity of SCC specimens cured in tap water are illustrated in Table ( 15) and plotted in Figure (4-a) . While, the results for both sulfate exposure conditions for all SCC specimens are also shown in Table ( 15) and Figures (4-b and c) . It is observed from these results that SCC specimens tends to have lower modulus of elasticity, the static modulus of elasticity of SCC specimens ranged between (30.23-48.28) GPa. This behavior is due to the high content of paste and low content of aggregate at SCC. From these results, it is observed that all SCC specimens exposed to either (SO4̄ ̄ + Cl ̄ ) solution or (SO4̄ ̄ ) solution exhibited the percentages of decrease in elastic modulus at all ages of the test compared with those cured in tap water. The reason of this decrease is attributed to the decrease in modulus of elasticity of the matrix caused by the degeneration of the interfacial bond strength between bulk cement paste and aggregate.
Generally, it is clear that the decrease in elastic modulus in SRPC mixes was less than that in OPC mixes. This is due to low content of C3A compound and high ratio of C3S/C2S in SRPC compared with those in OPC. Also, it is observed that the decrease in the modulus of elasticity for SCC mixes exposed to (SO4̄ ̄ ) solution is higher than those subjected to (SO4̄ ̄ + Cl ̄ ) solution, which may be due to: (i) the increased solubility of ettringite and gypsum in chloride-bearing solution Which can reduce the amount of sulfate products formed in cement paste, (ii) the ettringite formed in the sulfate chloride solution being less expansive, and (iii) the higher diffusivity of chloride ions compared with sulfate ions permittings the chloride ions to react with C3A to form Freidel's salt, which will reduce the conventional sulfate attack. This agrees with (Al -Amoudi et al., 1995) . As well as, it is also clear that Nano silica addition reduces the reduction in modulus of elasticity at all SCC specimens. On the other hand, the modulus of elasticity increases with adding Nano Silica at all mixes and at all ages. (c) ( solution. Fig. 4 . Modulus of Elasticity Development of SCC Mixes Exposed to various exposure conditions.
Ultrasonic Pulse Velocity (U.P.V.)
The results of U.P.V. test was measured on 150 mm cubes at different curing ages (28, 60, 90, 120 and 180 days). These results are illustrated in Table ( V. values at all exposure periods relative to corresponding SCC cured in tap water. Moreover, the SCC specimens exposed to pure sulfate solution elucidate more reduction in U.P.V. compared with combined sulfate solution. This reduction can be related to the formation of micro-cracks resulted by sulfate attack which formed with a large quantity in pure sulfate solution compared with combined sulfate solution, and these micro-cracks connecting to each other to form larger cracks over time due to exposure. In such a case, the pulse will be diffracted around the larger cracks, thereby increasing the travel path and travel time, leading to the decrease in pulse velocity. This is also reported by (Mahmoud, 2012) and (Kazem, 2013). The U.P.V. values increase with adding of Nano Silica for all SCC mixes. This behavior may be attributed to the effect of Nano Silica Which increase the density and filled the pores of the cement matrix with new CSH gel, this makes the pulse velocity increases for SCC. 
Conclusions
 SCC specimens exposed to ( + or ( ) solution demonstrated a significant reduction in splitting tensile strength, flexural strength, modulus of elasticity and U.P.V. when compared with the specimens cured in tap water.
 The utilizing of 3% Nano Silica as an addition by weight of cementitious materials was found to be effective in improving the resistance of SCC to external sulfate attack. Also, the using of Nano Silica was found to be more benefit in OPC than SRPC.
 The deterioration in the mechanical properties, nondestructive tests was higher in ( ) solution compared with ( + solution.
